ABSTRACT Background: High infancy weight gain is associated with increased body mass index (BMI) and insulin resistance (IR) in later life, but the association with later body composition has not been well explored. Appetite regulatory hormones may be programmed in early life, but data to support this are lacking. Objective: We investigated the effect of weight gain in infancy on body composition, IR, leptin, ghrelin, and adiponectin at 17 y of age. Design: This was an observational study of 95 term and appropriate-for-gestational-age infants. We measured weight at birth and 9 mo of age and, for a subgroup (n = 60), at 3 and 6 mo of age. Changes in weight SD scores from 0 to 9, 0 to 3, 3 to 6, and 6 to 9 mo of age were calculated. Follow-up examinations at 10 and 17 y of age included body fat (BF) assessment by dual-energy X-ray absorptiometry scanning. We measured serum leptin, ghrelin adiponectin, and IR at 17 y of age. Results: Weight gain from 0 to 9 mo of age was positively associated with BMI (P , 0.003), percentage BF (P , 0.05), and percentage trunk fat (TF) (P , 0.03) but not with percentage TF relative to total BF, in childhood and adolescence, and most of these effects were explained by growth from 0 to 3 mo of age. Weight gains from 0 to 9 and 0 to 3 mo of age were not related to IR or leptin but were negatively associated with ghrelin and adiponectin corrected for BF at 17 y of age. Conclusion: Our findings suggest that high weight gain in infancy, especially from 0 to 3 mo of age, has a role in programming both BF and concentrations of ghrelin and adiponectin in adolescence, whereas there was no effect on IR or leptin in this study.
INTRODUCTION
The global epidemic of childhood obesity is a major public health issue because most obese children remain obese as adults. Secular changes in eating behavior and genetic susceptibility are factors that have received much attention. However, early programming has been suggested as a potential important mechanism that could contribute to obesity and insulin resistance (IR). High birth weight (BW) has been associated with a greater propensity toward obesity later in life and a low BW with IR and increased risk of diabetes mellitus, which suggests that fetal life is a critical window for programming of later disease risks (1) (2) (3) . There is also increasing evidence that postnatal programming play a role in body composition and IR. Both diet and weight gain during the first years of life are associated with a later risk of obesity and IR (4) (5) (6) . Some studies have shown breastfeeding to be protective against childhood and adult obesity (7, 8) , and breastfeeding is associated with a slower growth in infancy (9, 10) . A systematic review from 2003 (5) concluded that infants in the high end of the distribution for weight or body mass index (BMI), or with a rapid weight gain during infancy, are at increased risk of subsequent obesity. It was not possible to identify a period during the first 2 y of age that was more critical than other periods. Furthermore, an interaction with BW was not shown in any of the studies (ie, high infancy weight gain was a risk factor for obesity in later life irrespective of BW). Many studies used BMI to classify obesity, but measurements reflecting adipose tissue such as dual-energy X-ray absorptiometry (DXA) scanning may better reflect later health consequences. In addition, most studies analyzed the effect of one period during infancy with only one follow-up visit.
The mechanisms behind a potential association between rapid weight gain during infancy and the propensity for obesity in later life are not well established. It was suggested that altered function of central regulatory mechanisms may affect later obesity, possibly through programming of the appetite regulatory hormones (11, 12) . Obesity is associated with a high concentration of leptin (13) and low concentrations of ghrelin (14, 15) and adiponectin (16, 17) . The influence of weight gain in infancy on later concentrations of these appetite regulatory hormones is not known. One study (18) suggested that early diet may program later adiposity-corrected leptin concentrations, but to our knowledge, it has not been investigated if accelerated weight gain in infancy is associated with later concentrations of leptin, ghrelin, and adiponectin; if this is the case, one explanation could be that the concentrations of these hormones are programmed early in life.
The aim of the current study was to examine if weight gain during the first 9 mo of life was associated with body-composition measures at the ages of 10 and 17 y and with IR and absolute or adiposity-corrected concentrations of leptin, ghrelin, and adiponectin in adolescence in a cohort of healthy term infants with a BW appropriate-for-gestational-age (AGA).
SUBJECTS AND METHODS
This study was part of the Copenhagen Cohort Study on Infant Nutrition and Growth, a prospective observational study in which a random sample of Danish infants born from 1987 to 1988 was followed during the first year of life. The inclusion criteria were as follows: parents of Danish origin, a singleton birth, gestational age between 37 and 42 wk, BW for gestational age between 10th and 90th percentiles, and no neonatal disease or malformation. Of the 251 infants fulfilling the inclusion criteria, 142 infants completed the examination during infancy. Of these, 59 subjects constituted a control group that was only examined at 9 mo. The other subjects were examined several times during the first year of life. A more detailed description of the selection and characteristics of the study group was published previously (19) .
Follow-up
Participants from the original study were invited to participate in the follow-up studies when they were 10 and 17 y old. At the follow-up at 10 and 17 y of age, 105 and 109 subjects, respectively, agreed to participate. In this analysis, 95 subjects who completed the 17-y examination and with full information on the covariates were included in the analysis. Eighty-two subjects (86%) of the 95 children also participated in the 10-y follow-up examination. The study was approved by the Ethics Committee for Copenhagen and Frederiksberg (KF 01-226/97).
Examination during first year of life
Weight was measured with the infant naked on an electronic balance to the nearest gram. Weight measurements were available for a subgroup of 60 subjects at 3 and 6 mo of age. Recumbent length was measured on a wooden measuring board with a fixed headboard and a moveable foot. Birth data were achieved from birth records. The duration of breastfeeding was registered, and the infants were classified as breastfed if they were breastfed at least once a day.
Follow-up examinations at 10 and 17 y of age Height was measured to the nearest 1 mm by a wall-mounted stadiometer (Chasmore, London, United Kingdom), and weight was measured to the nearest 0.1 kg by an electronic scale (Lindeltronic 8000; Lindells Inc, Kristianstad, Sweden). Triceps skinfold thickness, measured with a Harpenden Skinfold Caliper (Chasmors Ltd, London, United Kingdom), and waist and hip circumference were measured in triplicate according to standard procedures, and the measures were averaged.
Body fat (BF), percentage BF, percentage of trunk fat relative to whole BF (percentage TF/BF), and percentage trunk fat (percentage TF) were measured on a Hologic quantitative digital radiography 1000/W DXA-scanner (Hologic Inc, Waltham, MA) by using software versions 5.61 and 5.73 at the 10-and 17-y follow-up examinations, respectively. Subjects wore only underpants and a cotton T-shirt during the scan. The entrance radiation dose amount was 15 lSv with an effective dose 10 lSv, which is equal to a background radiation of '1 d in Denmark. The TF was assessed by subtraction of fat mass from the head, arms, and legs from the total BF mass.
Hormone and biochemical assays
At the 17-y follow-up examination, overnight fasting blood samples were drawn from vein puncture between 0800 and 1000. Plasma was stored at 280°C until analysis. Plasma concentrations of leptin, total ghrelin, and adiponectin were measured by commercially available radioimmunoassay kits (Linco Research Inc, St Charles, MO). The intra-and interassay CVs were, respectively, 6% and 8% for leptin, 10% and 15% for ghrelin, and 2% and 9% for adiponectin. Homeostasis model assessment (HOMA) was used to estimate IR, which was calculated as follows: [fasting insulin (lU/mL) · fasting glucose (mmol/L)/22.5]. Insulin concentrations were measured by chemiluminescence immunologic assay (IMMULITE/IMMULITE 1000 Insulin, DPC; Diagnostic Products Corp, Los Angeles, CA) with intra-and interassay CVs of 1.8% and 6.2%, respectively. Glucose was measured by the hexokinase method on a Cobas Mira automated biochemistry analyzer (Hoffmann-La Roche & Co, Basel, Switzerland) with kits (Roche Diagnostics, Mannheim, Germany). The intra-and interassay CVs were 1.0% and 1.4%, respectively.
Calculations
To adjust for the exact age at measurement and sex differences, sex-and age-independent SD scores for weight (weight-SDSs) at birth and 3, 6, and 9 mo of age were calculated by using World Health Organization reference-data growth charts (20) , and the change in weight-SDSs (Dweight-SDSs) from birth to 9 mo of age was calculated. For the subgroup, Dweight-SDS was also calculated for the periods from birth to 3 mo of age, 3 to 6 mo of age, and 6 to 9 mo of age.
Statistical analyses
Results are shown as means 6 SDs for descriptive variables. P 0.05 was considered statistically significant. Differences in the variables between girls and boys and between the study group and the subgroup were tested by the independent t test or, in the case of nonparametric variables, by the Mann-Whitney test.
The effects of weight gain in infancy on body composition (ie, BMI, percentage BF, percentage TF/BF, percentage TF, triceps skinfold thickness, and waist-hip ratio), HOMA, and appetite regulatory hormones (leptin, ghrelin, and adiponectin) as absolute values and corrected for adiposity (both as concentration/BF and concentration/percentage BF) were investigated by multiple linear regression by using general linear models. Residual plots and Cook's distance were used for model verification and identification of outliers. Nonlinearity of the regression models was tested by including a quadratic term. The appetite regulatory hormone variables were log transformed for linear regression analyses. Therefore, a coefficient of, eg, 0.86 in the regression analyses for the appetite regulatory hormones corresponds to a 14% decrease in hormone concentration per Dweight-SDS unit.
We evaluated the effect of weight gain from 0 to 9 mo of age in different models with 10-y and 17-y values. The first model was adjusted for sex, and the second model was adjusted for sex and covariates. A third model used in the analyses for bodycomposition variables at 17 y of age was additionally adjusted for the measure of body composition in question at 10 y of age. The effect of Dweight-SDS during the first 3 mo of life and from 3 to 6 mo of age, 6-9 mo of age, and birth to 9 mo of age on body composition, IR, appetite hormones, and adiposity-corrected appetite hormones was tested in the subgroup at 17 y of age in the first 2 models. Initial analyses indicated that there was no significant interaction between sex and Dweight-SDS. Parental BMI was significantly associated with BMI at 17 y of age (BMI of mothers: r = 0.223, P = 0.027; BMI of fathers: r = 0.228; P = 0.026) and leptin (BMI of mothers: r = 0.369, P , 0.001; BMI of fathers: r = 0.226, P = 0.028) and, therefore, was included as a covariate. BW was significantly negatively correlated with Dweight-SDS from 0 to 9 mo of age (r = 20.512, P 0.001). Preliminary analysis indicated that duration of breastfeeding was not likely to be a confounder and, therefore, was not included in the analyses. Social class was also not included as a covariate because it was not significantly associated with Dweight-SDS from 0 to 9 mo of age (P = 0.283), BMI at 17 y of age (P = 0.339), or percentage BF (P = 0.864). Correction for parental height and weight in addition to the parental BMI in preliminary analyses had no influence on the results. Furthermore, no independent effect of height was shown in the preliminary analysis. The study was powered to show a difference of '0.57 · SD in the outcome variables with a power of 80 for the core group. Statistical analyses were performed with SPSS (version 15.0; SPSS Inc, Chicago, IL).
RESULTS
The characteristics of the subjects are presented in Table 1 . Boys were heavier than girls at birth and at 9 mo of age, whereas there was no significant difference between boys and girls regarding the increase in weight-SDSs from 0 to 9 mo of age. At both 10 and 17 y of age, the measures of fat in the body (percentage BF, percentage TF/BF, percentage TF, waist-hip ratio, and triceps skinfold thickness) were higher for girls than for boys, whereas there was no sex difference for BMI. According to international cutoffs (21), 5 children (2 boys) were overweight, and none of the children were obese, at the 10-y examination, whereas 8 (4 boys) adolescents were overweight, and 2 (1 boy) adolescents were obese, at the 17-y follow-up visit. For parents, 1 mother was obese, and 10 mothers were overweight, whereas 4 fathers were obese, and 23 fathers were overweight. Of the 32 children with !1 overweight or obese parent, 4 (1 boy) children were overweight, and 2 (1 boy) children were obese, at 17 y of age.
Overall, 23% of the children displayed an increase in weightSDSs . 0.67 from birth to 9 mo of age. This value has been proposed as the limit for defining rapid weight gain and corresponds to the difference between the 25th and 50th percentiles or the 50th and 75th percentiles in a growth chart (22, 23) . All infants had Dweight-SDSs . 22 except for one infant with a Dweight-SDS = 22.09, and 74% of the infants had DweightSDSs between 21 and 1 ( Figure 1) . At birth, all children had weight-SDSs higher than the 22.0 threshold and lower than the 2.0 threshold because of the inclusion criteria.
The effect of Dweight-SDS during the first 9 mo of life on measures for body composition at 17 y of age were tested in linear regression models adjusted for sex with and without confounders and with Dweight-SDS from 0 to 9 mo of age as a continuous variable ( Table 2) . Weight gain during the first 9 mo of life was positively related to BMI, percentage BF, percentage TF, and triceps skinfold thickness with adjustment for sex or sex and covariates. DWeight-SDS from 0 to 9 mo of age was positively correlated with the waist-hip ratio controlled for sex, but when both sex and covariates were included in the analysis, there was only a trend. Weight gain in infancy was not associated with percentage TF/BF in late adolescence. The partial r values were higher for BMI than for the variables describing the fat content of the body, suggesting that there might also be an effect of early weight gain on later body size. There was a significant effect of sex regarding percentage BF, percentage TF/BF, percentage TF, and triceps skinfold thickness corresponding to higher values of 12%, 3%, 10%, and 7 mm, respectively, for girls.
When the anthropometric measures at 10 y of age were included as covariates in the model, the weight gain in infancy was no longer significant for any of the variables. Instead the 10-y values were highly significant (P , 0.001) for all variables except for waist-hip ratio (P = 0.136) (results not shown). Therefore, we also analyzed the effect of early weight gain on body composition at 10 y of age. The results were consistent with the findings in late adolescence except for the waist-hip ratio, which at 10 y of age was not significantly associated with weight gain in infancy in the model adjusted for sex. Otherwise, the same significant associations between Dweight-SDS from 0 to 9 mo of age and body composition were present at 10 and 17 y of age. The effect for every 1.0 SD from weight gain from 0 to 9 mo of age was '0.3 BMI SD units corresponding to 1.4 and 1.7 kg at 10 and 17 y of age, respectively, using a mean height. There was a significant effect of sex on percentage BF, percentage TF/BF, percentage TF, triceps skinfold thickness, and waist-hip ratio, with higher values for girls, except for the waist-hip ratio, corresponding to 4%, 9%, 4%, and 2 mm for higher percentage BF, percentage TF/BF, percentage TF, and triceps skinfold thickness, respectively, in girls (results not shown). The quadratic term (Dweight-SDS) 2 included in the models to control for nonlinearity was not significant in any of the models.
For a subgroup of 60 participants, weight measurements were available at 3 and 6 mo of age, and Dweight-SDSs from birth to 3 mo of age, 3 to 6 mo of age, and 6 to 9 mo of age were calculated for this subgroup. The subgroup was representative of the whole sample because there were no significant differences in the characteristics or the parental characteristics between groups (data not shown). The effects of Dweight-SDS from birth to 9 mo of age on body-composition variables in late adolescence in the subgroup showed the same pattern as in the whole group (Table 2) .
We tested if the effect of Dweight-SDS during the first 9 mo of age on the body composition measures at 17 y of age could be confined to the Dweight-SDS in one of the three 3-mo periods during the first 9 mo of life. Analyses revealed that the effect on later body composition mainly arose from the Dweight-SDS during the first 3 mo of life, as there were no significant associations between Dweight-SDSs from 3 to 6 or 6 to 9 mo of age and body-composition variables at 17 y of age. The results for the 0-3-mo period are shown in Table 3 , whereas the data for the 3-6-and 6-9-mo periods are not shown. 4 Significant covariates in the analysis: BMI, father's BMI (P = 0.024); body fat, sex (models 1 and 2, P 0.001), and father's BMI (P = 0.029); trunk fat/body fat, sex (model 1, P = 0.004; model 2, P = 0.020); trunk fat, sex (P 0.001); and triceps skinfold thickness, sex (P 0.001).
5 Subgroup with anthropometric data at 3 and 6 mo of age. 6 Significant covariates in the analysis: BMI, father's BMI (P = 0.025); body fat, sex (P 0.001); trunk fat/body fat, sex (model 1, P = 0.024); trunk fat, sex (P 0.001); waist-hip ratio, father's BMI (P = 0.034); and triceps skinfold thickness, sex (P 0.001).
Appetite regulatory hormones
The absolute plasma concentrations of leptin, ghrelin, and adiponectin and adiposity-corrected concentrations expressed relative to BF and percentage BF are presented in Table 4 . Compared with boys, girls had significantly higher concentrations of leptin, leptin corrected for adiposity, ghrelin, and adiponectin and lower concentrations of ghrelin and adiponectin, both corrected for adiposity. Leptin was positively and ghrelin was negatively associated with all body composition variables at 17 y of age and controlled for sex with r = 0.83 to 0.46 for percentage BF and waist-hip ratio for leptin and r = 20.42 to 20.23 for BMI and waist-hip ratio, respectively, for ghrelin. However, there were no associations between adiponectin and body-composition measures adjusted for sex.
The weight gain during the first 9 mo of life was not significantly related to later concentrations of leptin ( Table 5) . DWeight-SDS in infancy was significantly negatively related to ghrelin corrected for adiposity: in adolescence, an increase of 1 weight-SDS from 0 to 9 mo of age would reduce the concentrations of ghrelin per BF and ghrelin per percentage BF by 14% and 11%, respectively, after controlled for sex. The associations remained significant after adjustment for other covariates (sex, BW, and parental BMI) with an increase in R 2 from 0.15 to 0.27 for ghrelin per kilogram BF and from 0.30 to 0.33 for ghrelin per percentage BF compared with the basic model. There was a significant effect of sex corresponding to 1.4-and 1.7-times higher concentrations of ghrelin per BF and ghrelin per percentage BF for boys, respectively.
The concentration of adiponectin relative to BF adjusted for sex was also significantly negatively correlated with weight gain in infancy corresponding to a decrease in adiponectin per BF of 11% per unit increase in weight-SDS. The association of adiponectin corrected for BF to weight gain during the first 9 mo of life remained significant after adjustment for covariates. These variables accounted for 15% of the variance in adiponectin per BF in late adolescence, which was an increase of 7% compared with the basic model. Adiponectin and adiponectin corrected for percentage BF were not or tended not to be significantly associated with weight gain in infancy.
The effects of Dweight-SDS from birth to 9 mo of age on appetite hormone variables at the age of 17 y in the subgroup were examined. Overall, the pattern in the subgroup was the same as the pattern in the whole group (Table 5 ). The effect of Dweight-SDS in 3-mo intervals during the first 9 mo of life was also investigated for appetite hormones and appetite hormones corrected for adiposity in the subgroup. There were no significant differences in the concentrations of the appetite hormones between the subgroup and core group (data not shown). There were no significant associations between Dweight-SDS from 3 to 6 and 6 to 9 mo of age on any of the appetite hormone variables (data not shown), whereas several of the associations with the 0-3-mo-old group was significant ( Table 6 ). DWeight-SDS from birth to 3 mo of age was significantly correlated with ghrelin per BF with and without adjustment for covariates. There was a trend (P = 0.056) for a significant association between Dweight-SDS from 0 to 3 mo of age and ghrelin 1 Significant covariates in the analysis: body fat, sex (models 1 and 2, P 0.001), and father's BMI (P = 0.046); trunk fat/body fat, sex (model 1, P = 0.023); trunk fat, sex (model 1 and 2, P 0.001), and father's BMI (P = 0.037); waist-hip ratio, father's BMI (P = 0.018); and triceps skinfold thickness, sex (model 1, P = 0.001; model 2, P = 0.002).
2 General linear model adjusted for sex. 3 General linear model adjusted for sex, birth weight, father's BMI, and mother's BMI. 4 Coefficients in regression (B) and SE. relative to percentage BF, which became significant after adjustment for covariates. All adiponectin variables were significantly associated with Dweight-SDS during the first 3 mo of life, whereas none of the leptin variables correlated with weight gain from birth to 3 mo of age. The associations between weight gain from 0 to 3 mo of age and the concentrations of appetite hormones were stronger than for the 0-9-mo period for the subgroup. 
TABLE 6
Multiple linear regression analysis of the association between change in SD scores for weight from birth to 3 mo of age and appetite regulatory hormones at 17 y of age in the subgroup (n = 60) 3 General linear model adjusted for sex. 4 General linear model adjusted for sex, birth weight, father's BMI, and mother's BMI. 5 Coefficients in regression (B) and 95% CIs after back transformation.
IR
There was no significant association between weight gain during the first 9 mo of life and HOMA at 17 y of age adjusted for sex (P = 0.294) or adjusted for sex and covariates (P = 0.180). Control for current BMI in the models did not change the results. The effect of weight gain during the different 3-mo periods for the subgroup was analyzed, but there were no significant associations (data not shown). However, there was a significant negative correlation adjusted for sex between HOMA and adiponectin corrected for BF (r = 20.269, P = 0.009).
DISCUSSION
The current study of a cohort of term AGA infants showed that a rapid increase in weight-SDS during the first 9 mo of life was positively associated with several measures of BF (BMI, percentage BF, percentage TF, and triceps skinfold thickness) in late adolescence. A weight acceleration equal to +1 SDS from 0 to 9 mo of age was associated with an increase in BMI and percentage BF of ' +0.3 SD. The associations were already present at the age of 10 y, which indicated that the effects of Dweight-SDS on body composition persisted from childhood into late adolescence. Interestingly, the initial weight gain did not seem to be associated with central adiposity measured as percentage TF/BF. Likewise, we did not find any effect on IR or leptin. However, an increase in weight-SDS during infancy, especially in the first 3 mo of life, was associated with lower concentrations of ghrelin and adiponectin corrected for BF.
Several studies (22, 24) linked rapid weight gain during infancy to childhood or adult overweight and obesity. Our study is different from most of these studies as only a few of the children in our study were overweight and we measured BF, and not only BMI as was measured in most other studies. Furthermore, all children in our study were born AGA, and hence, the associations we find are not likely to be caused by catch-up growth of children with low BW. Our findings are in agreement with a study (25) that showed that rapid weight gain between 0 and 2 y of AGA infants resulted in increased BMI and percentage BF calculated from skinfold thickness, but the outcomes were only investigated until the age of 7 y. We showed that the effects on BF seen in prepubertal children are also present in late adolescence. This is consistent with the findings in a large Swedish study (26) where weight gain from birth to 1 y of age was positively associated with BF mass on the basis of bioelectric impedance at age 15 y and a study (27) that showed that most overweight before puberty is already present at 5 y of age.
The presence of critical windows in infancy for programming later overweight has been hypothesized. The analyses of the subgroup suggested that Dweight-SDS from 0 to 3 mo of age is most critical for later BMI and percentage BF. This is in agreement with other studies (4, 5, 28) that suggested that the first weeks or months of life are most important for later BMI and BF. Botton et al (29) investigated the effect of growth velocities at different ages and reported significant effects of weight gain at both 3 and 6 mo of age on BMI and BF measured by bioelectric impedance in adolescents. Likewise Leunissen et al (30) showed that rapid weight gain from 0 to 3 mo of age was associated with increased BF measured by DXA in young adults.
We showed no significant association between Dweight-SDS in infancy and later IR. Rapid weight gain in infancy was reported to program later IR (6, (30) (31) (32) . However, the subjects were often born preterm or small for gestational age (SGA) (6, 31, 32) or the proportion of SGA subjects were high (30) . Flinken et al (33) reported that Dweight-SDS from 0 to 3 mo of age predicted higher IR in 19-y-olds born preterm, but the association was borderline significant. Ekelund et al (34) showed that Dweight-SDS from 0 to 3 mo of age was associated with clustered metabolic risk at 17 y of age but no independent effect of insulin or glucose in a cohort with few preterm subjects. These results indicate that the effect is most pronounced in preterm and SGA subjects and might not exist in term AGA infants as our data suggest.
Nevertheless, IR was negatively correlated with adiponectin corrected for BF, and early weight gain was negatively associated with adiponectin concentrations at 17 y of age. Several studies indicated that adiponectin may be programmable. BW was reported to be positively associated with adiponectin concentrations at 2 y of age (35) , in later childhood, (16, 31) and in adulthood (36) , but another study (37) showed no associations. Catch-up growth was negatively associated with adiponectin in children with a mean age of 8.6 y and born SGA (31) . Adiponectin improves insulin metabolism, and low concentrations may predict future IR (31, 38) . The lower concentrations of adiponectin adjusted for fatness in adolescents with rapid weight gain in infancy could indicate a higher risk of developing IR if adiponectin is a more sensitive or earlier marker for IR than HOMA in subjects born term and AGA because there was no independent effect on IR. However, this was only an observational study, and more studies in AGA subjects are needed to clarify this observation.
We showed no significant association between Dweight-SDS in infancy and leptin variables, which could be due to the small sample size and because only term infants were examined. Low BW was associated with higher leptin concentrations adjusted for BMI in adult life (13, 39) . Another study (18) reported that adiposity-corrected leptin concentrations in 13-16 y-old adolescents born preterm were higher in children who were randomly assigned to receive a nutrient-enriched formula than children who received either a standard formula or banked breast milk in infancy, which suggested that leptin concentrations may be programmed by early diet.
Ghrelin concentration corrected for BF was associated negatively with Dweight-SDS in infancy. To our knowledge, the effect of nutrition and growth in infancy on later ghrelin concentrations has not been extensively studied. A rat study of brain slices of adult offspring subjected to maternal food restriction during pregnancy and/or lactation suggested that prenatal and early postnatal nutrient concentrations may program pathway responses of ghrelin (40) . Besides being orexigenic, ghrelin may inhibit adipogenesis and stimulate growth hormone release and is associated with glucose metabolism (14) . However, ghrelin was not shown to be an independent predictor of future weight gain in a prospective study of cardiovascular risk factors (15) or metabolic syndrome in children (41) . Our results suggest a programming effect of rapid weight gain in infancy on later concentrations of ghrelin corrected for BF. However, there is a need for further studies to identify the underlying mechanism and potential implications of such an association.
The mechanisms responsible for the association between infant weight gain and later body composition and appetite regulatory hormones are not clear. In infancy there is an intensive development of adipose tissue (29, 42) , and the adipocyte number continues to increase until adolescence (43) . Animal studies (44, 45) suggested that perinatal overfeeding may lead to rapid weight gain and later overweight, perhaps by producing fundamental changes in neurologic control of metabolism. However, it may also be a genetic predisposition to overweight, which is expressed early by a rapid weight gain (46) that is not adjusted for by parental BMI, or early weight gain may express the individual's genetic growth potential (47) . Analysis on the basis of the Fels Longitudinal Study showed that genetic factors had strong influence on Dweight-SDS from 0 to 2 y of age (48) and stature in infancy and later life (49, 50) .
The strengths of our study were that we assessed BF with DXA scanning and had long term follow-up with examinations before and after puberty. Also, in this study we investigated the effect of weight gain in healthy term AGA infants and examined if the associations shown in studies that also included low BW infants were also present in infants with a normal BW. A limitation of the current study was the small sample size, but despite this, we showed several interesting results.
In conclusion, the consistency of the effect of rapid weight gain in infancy on body composition and concentrations of ghrelin and adiponectin corrected for BF at 17 y of age further support that early weight gain is associated with overweight in later life. However, we did not find that early weight gain programs later IR or leptin. Although this has been shown in preterm infants, such an effect might not exist in term AGA infants.
